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CUSTOMICED EXPLOSIVES BASED ON PLASTLIC-BONDLD MUXTURES OO TATR AND MY

A. W Jampbell, 0. L, Plaagh, A Popolato, and J. B. Ramsay
University of Calitornia, Los Alamos National Laboratory
Lo Alamon, New Mexico 87515

Exprerimental datna are pre: mtoed tor a servies of TaTh--HMX
mixtures with Fel-F 800 binder.  Both detonatlion projep -
tleg and safely propertices were evaluated,

The additi{ion of IIMX to TATH makes posgible o wide range jn
Auch »nroperties as rpecific energy, detonation veloeity
and divergence, failure diameter and handling safot,.

Thix Flexibility i: not withon' penalty howeve o The sen-
sttivity of TATD- HMX mixtures incroases rapidly witi in-
creasing HMX content, sven at relatively low levels of gMX
and some trade-of £ must be made botween detonation propoee-
ties and nafety.

- «am TATH Tormatation:. We have insenbtigat ol
1. INTRODECTTON Lovmalations with ap Lo 45 wth HFK, but
wi: have emplinsized materfals with $-26
wt & LiMX beaue we wantod te pagimiae
satety charactorisgboes of these forrala -
tions. FPorma]aticns geneprally eontained
S5 wth Bel -F 300 (copolymer of vinglidine
Mluoride anmd chlor aterifluor-aethy Loy
hinder,  Phis Yindor o wan used i this
homolosgous ser pen S0 comgatisons Goald
ber vl with the i latively well-char -
arterised exploaive DEX 9508 (9509 whe
TATHS Ked -1 HOW, . For practical ane o
Juaengitiviag oonder migh! weld be oo
dedirable,

The nne of dngenaltive high explo-
piver guch as nitrocnantdine (NQ) it
triawinotrinitrobenzens (taTH) with more
etegotic, rote congitive cenloglves
such oo hexahydios 1, 3,5 trimt oo 3,0
rriatine (R o1 oocchipdro-t, 4,0, )
tetrand ro-1, 4,5, 7 Lot raroeipe (UMX)Y b
male it poetiabhie Lo degiagn egploniv.
Tormulations with o wide apectiam ot
properties,  This wae recognimiad by a
number ot inventigators doveloping oxe-
Pivaiive pater fals 1ot mititary applica-
Vion: o In o, Compertition Boiao g ex-
ample ol combining w eelat fvely insenm
tive cxplosive, THY, with the moro opey -
rebie g Mone gensitive oxplotive, RDX.

1. BYVTOR YL CHARGY PREPMIATION

AVL the plastie b onded TATR, HMX

Hellow, Jdohnson, and Rasen (1) tormalat iong wern Il""l'-ll"-"l W watot
fowel that Loy conld qob ipitiate deto- l‘:"-l.',' Proviess, The polyerystall fne exe
natdon 1o plastie -bonded NO formalat lone PPlestivon wepe mixed fn water Lo fom o
even with Targe 94 wtd [IMXCV vt pito. 53""":""“""' ot shirry, A s loaten ol
collabore TV whd plast leizer (PR 9300 Koo B BA0 plhantae dbasolved in othy!
booster., and sueggesites] adadition o1 RDX ceetate was kbl to the water 2l
Loy povduets e fee of the boastor pe. "l medinpe wat aditated co prevent e
quited. They tound that addition ot 1y Aredgatton and the aolvent was pemoved by
w2 RDOX ta plagty hotded NQ el a poeees A .-.-:hllnn'..ll |||I\I||l .-xll.l Lo i the watan
touml cirect on ok nenvitivity of the -H_\'| distilation, I'he }l‘:.I.lH 1 viplo-
mixtuge, Sive gramelbe, abont Voum in Jdiameter,

wore  homogopeon mrytaee of '™™MX ol

The aval b bity of TATH and the TATIV crystals coanted with plastaae,  Phe

potential ol developing eXploslve forw - mol v powder owan o vaeettm Jdp pend Lo e

latsonst with a wihde .'il'l‘l.'|l'||lll ol tnitis move waltoer ahd solvent,

Lo il det makion characetng g, STEE TN |
. . . The WMX wied i Vhesas farmulat tone
Wi to oy at g O slart v by,
) laat 1on I 1} | howndddd IIMX woai Ty T, Chams Iowith oa meelian Pt



ticle diameter -7 about 15 sm. The TATD
had a mean parlLicle dlameter of about 60
um.

Explozive charqei woere preparad by
preheating and compresalon molding Lhe
powder under vacuum () to final deasi-
ties betwoen 97 and 981 of their theo-
retical maximua densilei s (TMD) . Teat
specinens were pruepared by standard ex-
plusives machining Le:hniquue:.

The formulations descril.ed In thisg
wors arn {Aentilied in Table 1.

DETONATION VEILACITY AND FAILURE
DIAMETER

111,

Thr det.onation velocities of four
mixtur-s of TATB anc IIMX were experi-
mntally d:termined as a function of
composition and charge dlamnter. The
varlatioas in detonatiun velucity with
rociprecal rading Lor Lthe difLecent
formu)ations, corracted to 98% of theo-
rotical denaity (TMD) are prerented in
Flg. 1. The data are reasonably well
fit with stralght llnes. Thig is rath-
er anurpitining, because, although PLX
€502 shows & Stralght diamoter effect
curve, the oxplosive formulatinna atud-
{ed hare contaln nignificant amounta or
IMX. Explodives based on HMX, such aa
PRX Y404, nhaw dl.meter=effect curvey
Lhat are concave Jdownward. We might ob-
Jerve some cin valure tor those cnmpondi -
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tiony for which the faliure rtadli woere
not determined (X-0347 and X-0613441).

The diameter-etfoct data were [k
with the form D = D, - B/r where D [
the dAetopation velocjty at charge rali-
us r, B is a gonabant, and D, 15 Lhe
detonation veloeibty at intinite Jdiam-
eler,  The parameters amd the 9% oo -
ridence Hmits obtained Crom ey -
squares b, are peesentea in Tanle 1.

Comprriit fonn of TATE IIMX Explosives

Theoret {eal Max.

AT HMX  Kel-F HOU Denaaty
Material LI . .. (goemt)
g o a5 v Y 1.942
X-01 0, 2% d. 10 ) 1.0
X-0sd2 B%.% 2.9 ) 1.1
X-nidd RO, 7% 14,28 5 1.ty
R ELE] .24 24,/ b .90
A=Y LX) 2 Y 1,734
X i (1)) | 3 % 1.9.4
X-0'1 " 4% h L.9.%
Ik vl 0 ng L .84
Mol 1 P Wbl Fatane:, 209 witd nltroplasnt

Lovewer tathe toan Kel ¥ g,




TABLE

11

Detonation Velocity of HMX-TATS Mixtures

Infinfte Diameter
Dot Velociry
L AR

Density
@ 98+ ™D
Material _asen!
PIX 9502 1.89% 7.6
X-014; 1.901] 7.481u
X--0J42 1.4999 7.866
X-01341 1.298 7.9156
X-0344 1.894 8.04u
PBX 9hJI1 1.832 8.802

Il

N.028 1.50 1 0.20
0.054d 1 »d 7 0.1l
.01l .oy 7 oot
0.025 .97 ¢ Q.11
2.018 0.7% 1 V.05
0.015 0.17 + 0.009

The experimentil results for in
finite~diameter veloaity (adquﬂLed to a
uni form dJdensity of 1.89 g/cm?) ae
compared with values computed for the
mixtures usinq tie method proposed .y
Kamlet and Hurwltz (3) in Fiqg. The
patameters for Komlet's function were
abtained by lincar combination of the
patameters Eor TATB and IMX withoul in-
¢luding any correction for the Kel-F
BOO. Th:» resulting velociting woere
then scaled so rhat che computed value
fur neat TATH ayt red with the experi -
mentally measured value of 7,705 fm, e
for FBX 9502, The two anchor points
for the cuive are POX 9502 and PUX 9901,
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the Jdetonating explesive.  We cipect It
to decrease with inceeasing MY con-
tent. This relationship is shown in
Fig. 1. The curve is aonlinear and
therv is no statistically siygnificant
differonce beotwoan B tor PBX 95062 aned
for X-034]1. ‘rhig apparent anomaly wili
be discussned later.  The HIMX anchor
point is PBX viol, as no compat.able
data are avali il tor an HMX, f luogn-
carbhen explosive.  The othaer anchu

point is PIX 9502,
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1. SHOUCKE INITIATERE OF DETONAT LG

T explosive Slgrge 5 gabjeeted o
a gt araedl cheati, e dlntanese (o
time) B vpansltion trom a reactive

sl

A nteady state dertonakrion paoa

tunct pon of the compyitee, tae len
by, Yhe patbidle=ntne, and, g
Poetoee wktayt , Lhee dndvial Ve
tura. We have exunined the oty ool
coip i ron ety the winbge et et gt

e pte
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The Yoawmp  gopeeavute P Al
Yae bt ronal o chanege (el

tive to Lhat of bBX 9502) in the dia-
tance of run is a nearly 'inear func-
“ion of Lhe HMX cuntent up to 154, A
v=wiil incgeane in (IMX content preoduceas
1 decrean: ol Jub in this distance. At
1 o, Ehe Lirak 5 wid ot IIMX produces
o significaat et becl on the run dig-
tancse,.  AddiL{.nng UMX iowers the run
distaner about the same as for the low-
Cr Prosiure:.

We have aobilained @souce extonsive
quantitative datt 1n an uneconfline)
41.1-mm qap tuest. (1) The dara arce
proeceitad in Fig. 5, There Iy 1 siyni-
Elcant change in the 3lome of Lhe curve
ar about 25 wti MX,
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FU e wocd s Rt that ngpiodg, wen
docomp e v hermal Ty ot oA orate that
fnere vie s oxpoaemtially with tempe ra
tars . T 1 thremahy roee we shogn
R LD PER T BT SONE T LRI Y } [ P
L L ma " v ae ol ngple e g
teatond to p temperatare v which tae
Pats ol napegy bt abaon vavee i e
tate ol oper gy sdiaiiparioon, the roagee
troa g s s The apant Gt dee et
ot Ietriation g grewth to ety on
at vt peme by cogeplex atd cannet b
bty v ctaad oWt oN Y e e
roe o o e et wilde wgn ey
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the case with which the reaction will
continue to grow.

Several test:s have bieen conductead
with plastic-bonded TATB-HMX mixture:.
The results of drop-weight impact test:s
for plastic-bomled TATNIMX are given
in Fig. o, Mixtmes conlaining les:s
tnan 20 wtd MY Gde ol reacl at the
muximmm diop height, 320 em.  The wog
Alame:; deop -weighr impact apparatus is
similar to the Brucceton apparatus aml
uses upconfined test samples.  The Type
12 test uses lonse powder placed on
sandpaper; the Type 12B test urses loose
pow-lor on o bare anvil,

TA" L pMY Impant Sensftivity

% '
! '
I !
280 ¢ "
=. !
LT ,
T t i
S o e ¥
ad i .
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T IR
u } !
1 Ty o Itk
T : Y
l .
o .’
| .
[ S
ap b - - . . e » P
8 owoRod w85 v 6 W
wel TN
R Drege Sdonegnt Dapeaet Senspbivity

of AL M Mieturess,

Abtniet nertes of obligque fmpacty,
ot skid bensts (1, 00) wae perrormed,

Resulls obtained in this test are pre-
nented in Table IV,

TANE 1V

SKid Test Resuadred

componition, wti poensity L
FATE Te Kol B0 Gy o ()
o apie 1,869 b
2070710 .97 < b
40,750710 1.0 b

Meven-kilogram hemispherfeal chagae
deopped on BOP-gr it punet pager Gatgel
with o 49 ampact angle,

Minguttteient Lents Lo ostatiatical iy
determine Hyg,

In thin kind of impact test, mix-
Furweg containing as much as 50 wei [IMX
appear to he relatively insensitive,

The: Lawrence Livermore National
Labaratocy (LLNL) conducted a series of
Susan Tvats (11,14) on tormulationsg coa-
sisbing of TATH MY mixtures with vatioun
hinder s, Although the mechanieal proper -
Lies of these oxplosive formalations
should differ from those of the Kel-F
Fonded materials, the regponse obtained
as O ftunction of incieasing MY content
sdhould be indleative of what could be ex-
pectid in the Kel-F 800 bonded system.

In general the LENL data (16) show low to
maderate reactions for all formulation:
containing less than 50 wté LMX, even at
projectile velocities greater than 409

mss.

The response of explosives exposted
Lo fire ot high tempecatures is ditectly
related to the thermal decomposition
Kinoetiacs,  Tn conlined systems cxposed to
tapid heating, Lhe explosive will genee -
ally start decomposition or butning at
the outer surface. After some time the
burning tront will either cranasit te a
detonatior or the gas pressure genepated
by the ¢ombusrion products will eoeeed
the holding capacity of the aane amd the
came will axplode,  With yas explosien:,
Ll anbarned explogive will e seat bered
alout and the cane will ruptare nto
large, Tow-velscily fragments. 1L the
caid ekntosive g exposed ear the ot
tea) Lemperatur s, the peaction will starnd
in the interior o! the cxplogive,  This
conld, depoanding apemn the sise of the
charg and degree of continement , bei bl
Yooa detonat inon.

Critical omperabtien Lor mixtures
of M and ‘FATB wero destermine! in the
Bonkin tont.  The recalts are givea in
Fig. 7. It 19 intereiting ko pote the
digtinst break in Loe curve aronad 20 wen
HMN .

The responae or HIMX=TATH Kel <P Foer-
wilations contined in heavy Greei cas
and subjeeted o hoth apld and 5low
hett i) wait Jdebtepmited, (v, Lo) Rewgle
ate given fn Table v,

Thin sories of heavily copfined
alow hoat {ng Lesgis 1o beang containuenl o
Joerine the highest level of MY that
tesults i o pressure papture, A po-
copt toast with X--0HY conlined at 100 MI'a
reastltsl in o partial detonation ar
2,

The penponte ol oxpuotides o
high-wolocity projectile abtack 1o im-
Flar bt the responae eapected ‘5 the
dediberate dnftiation ol detonat ivon
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Ltures ol TATB-INMX Mixturaes.

Summiary of

TABLE YV

tuined carthermic reaction =un start.
Thios can terminate as eirhol a gas ox-
plesion or detonation.

A serieg of kesls was pertormed
on TATHB-HMX mixture:s usipg a standacd
M=16 rifl: opn? (225-caliber Stnel-
jackete:l bullets.  The test charqges
ware Llightly confined in a plastic Lix-
tare. Results of these test: are sum--
macized in Table VIL PRX S.02 dons not
react in this test.  Bven ip this Se-
vere Ltest a mixture containing 20 wti
HMX reacts relatively mildly.

V1. CONCLUG [UNG

The addition of HMX to TATB makes
poszible wide variation in such preper-
ties as specific energy, detonation ve-
Jocity and divergence, fuilure diama-
ter, snock amd thermal sensitivities
and handling safety. Tihig Flexibility
is not without punalty, howuever. Be-
cause PBX Y502 ig only abuut 801 as

cont tinad Heating Toste

Cumbosition,
('TATR MK, Kl =)

40,/50/10
90, 0,°10
N0 1Y
a0 J 10
9),/0,/10

rpx 9404
PR 9404

w!t lleat ing
~Rate"

Slow
Slow
S1ow
Slow
Fast

Hlow
Fant

Rupture
Pres:are
Mba

443
443
Qv
q4)

561

PN
551

T Rogsnlt

{230, e e
25U Datanation

1th 1"t ensur » Ruptagrn
sUy ‘ "
213 " "

— n 1]
250 Drt mation
- Datogat jon

with a strong shock.  Ad the projectile
ner Pkes the cane o explosive, o sthock
is transmitted to the osxplasive.
the impnalse trancmittad to Lthe explo-

afve ia ygreater than the cpitical
puls o, Jdetonation will ocoem

altuey

sherte=time dolay. The erftlen?
tequired to {nltiate dekonation can be

toeidueed LF the density aof the
lewoetanie Thir e e eecar in maltiple

teagaent altack.  The firat

projectile can dinit bate detosation,

Ancothior tyvpe ol fnltiation can
alaey penult, from peojectile attack,

HIRTR{IN

{m-

tmpulze

Lo

projectile
pulverieng the expleviive and a second

Gl o part of the prtojectile temaing

oibedibed] in Fhe oxplogive,

Lhormal
elgy from the not projectile can he

transtereod to the explosive and a o

cnergetic as Conposition B odn the cyi-
inclor Cest, come Spade= o't must b made
between et naklon prepertioes and sate-

ty.

The nonlincear behavior obf some
propertisn with ingcreasing HME content,
whoen compaced witn the Tinear behavior
of others, permits some insight ipto
Lthe mechaniam ot energy contrilut jon
within Lhe oplecstaer 2ane of peaetion,
Propettioe gopendent on the Total
avad Lab e enegy at nig"™ proecintag e
(p.g., detouation yeloctly) are nopor-
tional to the HMX content, We bhayo
foetied that the failate dagn For e -
creaig rapeedly wlth rhe plidition
anall awoantn ol HIMX ant il the JIMX cone
tent app - aches 20 wkd, The alojws: ol
the dlaweetor S reet carves ate anal



Multiple Bullet Impuact
M~16 (0.223 cal

TALLE

VA

Tests Of TATB-HMX-K21-F Mixtures Using

standard Military Bullets

vejocity

fnot  _ms
1 104
¢ 1022
3 1014
4 1004
5 | IV
6 992
? 1020
4 1000
Y 991
10 104
il v
1a 16.¢
1 1wl

Tat e Lo shots: are flood at approxioately 0,1 .

MaLerial and
No, of_Shot:l

X-011Y
Firnt Shot

X-0319
(Erom 1}

X-0319
First shot
X-0319

0 sheots at ones

X-0320
Firnu uhot

X-01320
({rom %)
Sucoal shot

X-030

8 shals at once

X-0320
First shot

X-03.1
3 ahots at onee

X-(G321
(from )
Single shot

X-031.1

2 rhots at onee
X-012]

(trom t1)

Shot 3 sipmqle
shot

X=03'1
thot !
shot

Sdmsults

No go; prajoctile did not exit NE

Full
char g«

getonation; projectile struck
19 mm from fir:t hit

Cnok -off; charge burned completely,
projectile did not exit charge

Full detonation: charge went ol as
2nd or 3rd bullet was striking

NO gu; projectil!e exited holder

ook -ol't; chavge burned completely

Parbial reaction; holder
and seattorad aroand,
splinternsd,
burn mar ks

Vroken up
wod sitamd

recaovetred HE had biack
vinibhile

Conk-off; charae buarned completely,
projectile aid not exit holde

Small partial
samplo holider

reaction; tap halr of
and UHE blown ol

No qo; bullet did not exit holiier.
Because tap hall ol <harge amd holder
wore blown olf 1n shot 9, charge

was uncont i med

Small partial;
holder Hloun otd,

top ol chatyge v
Lable splinterod

Small partialy holdee broken 'n
small picens, ahol table splintered

took ol
for v
complotely,
herbidin

smoke op Flame
clarae bured
did not exat

Lid oot
aominot e,
Rallo
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fected by the addition of 5 wt® IIMX.
Shoek initiation data show thal the ad-
dizion of 5 wti HMX causes an ingreane
in sensitivity at low prIssure (3 GPa)
but not at high pressure (13 GPa).
Furth.r addition of HMX results in -
creased sensitivity in both pressure
ranges.

It app-ears that at lower pres-
suras, the lowrr concentration of [IMX
contributes ¢ ‘sater proportion of the
effcotive en At higher presgsseres,
whaern the eff. ive zone of reaction is
relatively thin and significant amount:
Of TATB are veacting, small amounts of
HMX do not significantly affcct the ex-
tent of reaction,
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